Celeribacter indicus sp. nov., a polycyclic aromatic hydrocarbon-degrading bacterium from deep-sea sediment and reclassification of Huaishuia halophila as Celeribacter halophilus comb. nov. T , which was isolated from deep-sea sediment of the Indian Ocean by enrichment of polycyclic aromatic hydrocarbons. The strain was able to degrade biphenyl, naphthalene, 2-methylnaphthalene, 2,6-dimethylnaphthalene, acenaphthene, anthracene, phenanthrene, dibenzothiophene, dibenzofuran, fluorene, 4-methyldibenzothiophene and fluoranthene, but not pyrene or chrysene. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain P73
Gram-stain-negative, oxidase-and catalase-positive, rod-shaped and non-motile. Growth was observed at salinities from 0.5 to 12 % and at temperatures from 10 to 41 6C. The principal fatty acids (.10 %) of strain P73
T were summed feature 8 (C 18 : 1 v7c/v6c) and C 19 : 0 v8c cyclo. The sole respiratory quinone was Q-10. The major lipids were phosphatidylglycerol, one unknown aminolipid, one unknown phospholipid and one unknown lipid; a second unknown phospholipid and one unknown glycolipid were present as minor components. The G+C content of the chromosomal DNA was 66.0 mol%. The combined genotypic and phenotypic data show that strain P73 T represents a novel species of the genus Celeribacter, for which the name Celeribacter indicus sp. nov. is proposed. The type strain is P73 T (5MCCC 1A01112 T 5LMG 27600 T 5DSM 27257 T ). Phylogenetic study and existing phenotypic information also show that Huaishuia halophila should be transferred to the genus Celeribacter as Celeribacter halophilus comb. nov. Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous and persistent in the environment Wang et al., 2008) , tend to accumulate in the food chain and have mutagenic and carcinogenic properties (Collins et al., 1998; Meador et al., 1995; Perelo, 2010) . Various PAH-degrading bacteria have been isolated from marine environments Wang et al., 2008) , i.e. Neptunomonas (Hedlund et al., 1999) , Marinobacter , Vibrio , 'Lutibacterium' (Chung & King, 2001) , Cycloclasticus (Chung & King, 2001; Dyksterhouse et al., 1995; Geiselbrecht et al., 1996; Wang et al., 2008) and Pseudoalteromonas (Hedlund & Staley, 2006) . In an attempt to investigate PAH-degrading bacteria from the deep environment of the Indian Ocean, many bacterial strains have been isolated and taxonomically characterized (Lai et al., 2009 ). This study focuses on one 3These authors contributed equally to this work.
Abbreviations: gyrB, DNA gyrase subunit B; PAH, polycyclic aromatic hydrocarbon.
The GenBank/EMBL/DDBJ accession numbers for the nucleotide sequences reported in this study are EU440950 (Celeribacter indicus P73 To evaporate the chloroform, flasks were shaken at 160 r.p.m. for 2 days, and about 5.0 ml of the enriched culture was then transferred to a fresh flask containing PAH medium. The flask was shaken at 160 r.p.m. in the dark at 28 u C for about 2 weeks. Cultures were further enriched by transferring 2.0 ml culture to a fresh PAH medium flask and incubating as above. After enrichment as described above, pure cultures were obtained by spreading 100 ml aliquots on solid 216L medium (per litre seawater: 10 g peptone, 2 g yeast extract, 1 g sodium acetate, 0.5 g sodium citrate, 0.2 g ammonium nitrate and 15 g agar, pH 7.5) plates (Lai et al., 2009) . The plates were incubated at 28 u C for about 1 week and all colonies were isolated. Among the isolates, a strain with white-coloured colonies was designated strain P73 T . Marine agar 2216 (MA; BD) was used for morphological and biochemical characterization.
Genomic DNA was prepared according to the method of Ausubel et al. (2002) and the 16S rRNA gene was amplified by PCR using primers that have been described previously (Liu & Shao, 2005) . Sequence similarity was determined using the EzTaxon-e server (Kim et al., 2012) . The DNA gyrase subunit B (gyrB) genes of four strains were sequenced using the method described by Yamamoto et al. (2000) . Sequences of related taxa were obtained from the GenBank database. Phylogenetic analysis was performed using MEGA version 5.0 (Tamura et al., 2011) . Distances (distance options according to the Kimura two-parameter model) and clustering with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992; Rzhetsky & Nei, 1993) T belongs to the family Rhodobacteraceae, but it is difficult to assign it to either the genus Huaishuia or the genus Celeribacter because of its high similarity to members of both genera (.96.4 %). As shown in Fig. 1 , the phylogenetic tree based on 16S rRNA gene sequences showed that strain P73
T formed a cluster with the genera Huaishuia and Celeribacter within the family Rhodobacteraceae. Clustering results using the maximumlikelihood and minimum-evolution approaches were similar to that obtained using neighbour-joining (Figs S1 and S2, available Yarza et al. (2014) . The above data thus indicate that H. halophila ZXM137 T should be reclassified within the genus Celeribacter, and that strain P73
T represents a novel species of the genus Celeribacter. T (GenBank accession no. EF010915) (76.7 %). Numerous studies have shown that the gyrB gene can be used to differentiate different species. For example, interspecies gaps of the gyrB gene in the genera Micromonospora, Streptomyces and Kribbella are 98.6 % , 98.5 % (Hatano et al., 2003) and 96 % (Kirby et al., 2010) , respectively. As shown in Fig. 2 , the phylogenetic tree based on gyrB gene sequences indicated that strain P73
T formed a clade with the genera Huaishuia and Celeribacter. H. halophila ZXM137 T formed a clade within the genus Celeribacter and showed highest sequence similarity of 83.8 % to Celeribacter neptunius H 14 T (83.8 %), followed by Celeribacter baekdonensis L-6 T (81.1 %) and strain P73
T (79.0 %). The gyrB data thus indicate that H. halophila ZXM137
T should be reclassified within the genus Celeribacter, and that strain P73
T represents a novel species of this genus.
Gram staining was performed using a Gram stain kit (Hangzhou Tianhe Micro-organism Reagent) according to the manufacturer's instructions. Cell size, morphology and flagellation pattern were observed by transmission electron microscopy (JEM-1230; JEOL) using cells negatively stained with phosphotungstic acid and grown on MA at 28 u C for 1 day. Cell motility was observed by the hanging-drop method (Skerman, 1967) . Catalase and oxidase activities and hydrolysis of aesculin, starch and Tween 80 were tested according to standard methods (Dong & Cai, 2001 ). Antibiotic susceptibility tests were performed using a disc diffusion method as previously described (Shieh et al., 2003) . The optimal growth temperature was determined over a temperature range of 4-55 u C (4, 10, 15, 20, 25, 28, 30, 35, 37, 40, 41, 42, 43, 44, 45, 50, 55) in marine broth 2216 (MB; BD). The pH range for growth was determined in MB adjusted to pH 2-12, at 1 pH unit intervals, with citrate/ phosphate (pH 2.0-7.0), Tris/HCl (pH 8.0-9.0) or sodium carbonate/sodium bicarbonate (pH 10.0-12.0) buffers (10 mM). Tolerance to NaCl was tested using LuriaBertani (LB) broth (Sambrook et al., 1989) lacking NaCl and with NaCl concentrations of 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 or 20 % (w/v) . Other biochemical tests were carried out using API 20NE and API ZYM strips (bioMérieux) and Biolog GN2 plates according to the manufacturers' instructions, except adjusting the NaCl concentration in all tests to 3.0 %. Test results were determined at 28 u C for 2 days. These results are given in the species description and are presented in T was reported at the time of this writing and was not included in this study. Cells of strain P73
T were Gram-stain-negative, non-spore-forming and rod-shaped, 0.6-0.7 mm wide, 1.2-1.3 mm long and non-motile (Fig. S3) . The strain was moderately halophilic, being able to grow with 0.5-12 % NaCl (optimum 3 %) and at 10-41 uC (optimum 28 uC). Other characteristics are given in the species description. PAH degradation was tested in 100 ml flasks containing 30 ml NH medium with each kind of PAH used as a sole carbon source. The PAHs tested and the final concentrations (mg per litre) were as follows: biphenyl (300), naphthalene (300), 2-methylnaphthalene (300), 2,6-dimethylnaphthalene (300), phenanthrene (300), anthracene (50), fluorene (50), chrysene (50), acenaphthene (50), pyrene (50), fluoranthene (50), dibenzothiophene (50), 4-methyldibenzothiophene (50) and dibenzofuran (50). After shaking for 15 days at 160 r.p.m. and 28 u C in the dark, the residual PAH was extracted with a 0.6 volume of chloroform and sonicated for 30 min, and this was repeated three times. The organic phase was collected and dehydrated with anhydrous Na 2 SO 4 . Meanwhile, 5 mg benze[b]pyrene l 21 was added as an internal standard of extraction. Degradation rates were determined by GC-MS (QP2010; Shimadzu) according to described methods , Wang et al., 2008 ) with a 30 m RTS-5MS capillary column (0.25 mm inside diameter and 0.25 mm film thickness). All compounds tested except pyrene and chrysene were significantly degraded by strain P73 T . Active growth was observed with biphenyl, naphthalene, 2-methylnaphthalene and fluoranthene as the sole carbon and energy source; weak growth was observed with phenanthrene, dibenzothiophene and dibenzofuran, with which cell density was low but the colour of the culture changed, suggesting that compounds were transformed but not fully degraded. Quantitatively, mean degradation rates (triplicate) of the tested PAHs were determined by GC-MS as follows: biphenyl (88.8 %), naphthalene (87.3 %), 2-methylnaphthalene (75.2 %), 2,6-dimethylnaphthalene (78.9 %), acenaphthene (73.4 %), anthracene (76.0 %), phenanthrene (92.2 %), dibenzothiophene (93.7 %), dibenzofuran (95.3 %), fluorene (42.9 %), 4-methyldibenzothiophene (97.0 %) and fluoranthene (20.4 %). H. halophila ZXM137 T , Celeribacter neptunius H 14 T and Celeribacter baekdonensis L-6 T are not able to degrade any of these compounds. To our knowledge, this is the first report that a bacterium belonging to the family Rhodobacteraceae can use fluoranthene as the sole carbon and energy source.
The G+C content of the chromosomal DNA was determined according to the methods of Mesbah & Whitman (1989) using reversed-phase HPLC. The DNA G+C content of strain P73 T was 66.0 mol%, which was higher than values for the genera Huaishuia (60.1 mol%) and Celeribacter (59.1-61.0 mol%). Huaishuia and Celeribacter have very similar DNA G+C contents. 
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Celeribacter indicus P73 T (KF171949)
Celeribacter halophilus ZXM137 T (KF171948) Celeribacter indicus sp. nov. Fatty acids in whole cells grown on MA medium at 28 u C for 48 h (early stationary growth phase) were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed by GC (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The principal fatty acids (.10 %) of strain P73
T were summed feature 8 (C 18 : 1 v7c/v6c) (58.6 %) and C 19 : 0 v8c cyclo (17.4 %). Minor fatty acids are detailed in Table S1 . The fatty acids of H. halophila ZXM137 T , Celeribacter neptunius H 14 T and Celeribacter baekdonensis L-6
T were tested at the same time with strain P73 T under the same conditions. The fatty acids of Celeribacter marinus IMCC 12053
T were reported by Baek et al. (2014) . The above strains all contain summed feature 8 (C 18 : 1 v7c/v6c) as the predominant component. Strain P73
T can be differentiated from the other four species by the presence of C 19 : 0 v8c cyclo and the absence of C 18 : 1 v7c 11-methyl, which is one of the major fatty acids of the other four species.
Analyses of respiratory quinones and polar lipids were carried out by the Identification Service of the DSMZ, Braunschweig, Germany. The quinones were extracted and separated into their different classes (e.g. menaquinones, ubiquinones) by TLC on silica gel, then further analysed by HPLC (Tindall, 1990a, b) . The respiratory quinone of strain P73
T was determined to be Q-10 (100 %), as for recognized species of the genera Huaishuia and Celeribacter. Polar lipids were extracted from 100 mg of freeze-dried cellular material using a choroform/methanol/0.3 % aqueous NaCl mixture (1 : 2 : 0.8, by vol.) (Bligh & Dyer, 1959) and separated by two-dimensional silica gel TLC and then identified according to a previously described method (Tindall et al., 2007) . The lipids of strain P73
T consisted of phosphatidylglycerol, one unknown aminolipid, one unknown phospholipid and one unknown lipid as major components, and one unknown phospholipid and one unknown glycolipid as minor components (Fig. S4) . Phosphatidylglycerol, unknown aminolipid and unknown lipid were also present in the genera Huaishuia (Wang et al., 2012) and Celeribacter . Strain P73
T can be differentiated from species of the genera Huaishuia and Celeribacter by the presence of unknown glycolipid. Strain P73 T can be differentiated from Celeribacter neptunius H 14 T and Celeribacter marinus IMCC 12053 T based on the absence of phosphatidylcholine and diphosphatidylglycerol.
H. halophila ZXM137
T shared high 16S rRNA gene sequence similarity with members of the genus Celeribacter (95.08-96.67 %) and high gyrB gene sequence similarity (81.1-83.8 %). Phylogenetic analysis (Figs 1 and 2) showed that H. halophila ZXM137
T formed a clade with or within the genus Celeribacter. Both Huaishuia and Celeribacter are rodshaped, positive for oxidase and catalase, contain summed feature 8 (C 18 : 1 v7c/v6c) as the predominant fatty acid, have Q-10 as the single respiratory quinone and contain phosphatidylglycerol and an unknown aminolipid as major polar lipids. There are thus no significant characteristic differences between the genera Huaishuia and Celeribacter (Table 1 The results of the phylogenetic analysis, phenotypic analysis and chemotaxonomic studies presented above support the view that strain P73
T should be assigned to the genus Celeribacter in the family Rhodobacteraceae. However, the strain could be distinguished from members of closely related genera in the family Rhodobacteraceae based on several phenotypic characteristics (Table 1) . Therefore, strain P73
T represents a novel species of the genus Celeribacter, for which the name Celeribacter indicus sp. nov. is proposed.
Description of Celeribacter halophilus comb. nov.
Celeribacter halophilus (ha.lo9phi.lus. Gr. n. hals haloes salt; Gr. adj. philos loving; N.L. masc. adj. halophilus salt-loving). Celeribacter indicus (in9di.cus. L. masc. adj. indicus Indian, referring to the Indian Ocean, from where the type strain was isolated).
Cells are Gram-stain-negative, non-spore-forming and rod-shaped, 0.6-0.7 mm wide and 1.2-1.3 mm long and non-motile. Positive for oxidase, catalase, urease, bgalactosidase and D-glucose fermentation (weak), and acetoin production (Voges-Proskauer) (weak), but negative for reduction of nitrate to nitrite, denitrification, indole production, b-glucosidase (aesculin hydrolysis), gelatinase and arginine dihydrolase, utilization of citrate, lysine decarboxylase, ornithine decarboxylase, H 2 S production and tryptophan deaminase. On MA plates, forms smooth white colonies with regular edges of 1 mm diameter after 72 h of incubation at 28 u C, non-pigmented and slightly raised in the centre. Moderately halophilic; grows with 0.5-12 % NaCl (optimum 3 %) and at 10-41 u C (optimum 28 u C). Sensitive to (10 mg per disc, except where indicated: Oxoid) ampicillin, carbenicillin (100), cefalexin (30), cefazolin (30), cefobid (30), cephradin (30), chloromycetin (30), ciprofloxacin (5), erythromycin (15), furazolidone (5), gentamicin (10), kanamycin (30), minomycin (30), neomycin (10), norfloxacin (10), ofloxacin (5), penicillin G (10), piperacillin (100), polymyxin B (30 IU), rocephin (30), streptomycin (10), tetracycline (30), vancomycin (30) and vibramycin (30); resistant to clindamycin (2), co-trimoxazole (25), furazolidone (15), lincomycin (2), metronidazole (5) and oxacillin (1). Utilizes D-glucose, D-mannitol and malic acid (API 20NE). Ferments only rhamnose in API 20E tests. In API ZYM tests, positive for leucine aminopeptidase and valine aminopeptidase; weakly positive for naphthol-AS-BI-phosphoamidase and bglucosidase; negative for acid phosphatase, alkaline phosphatase, cystine aminopeptidase, esterase lipase (C8), esterase (C4), lipase (C14), N-acetyl-b-glucosaminidase, trypsin, a-chymotrypsin, a-fucosidase, a-galactosidase, aglucosidase, a-mannosidase, b-galactosidase and b-glucuronidase. Of the 95 substrates in the Biolog GN2 system, positive for bromosuccinic acid, cis-aconitic acid, DL-lactic acid, D-alanine, D-arabitol, cellobiose, D-fructose, D-mannitol, D-sorbitol, trehalose, L-alanine, L-proline, L-rhamnose, maltose, methyl pyruvate, monomethyl succinate, propionic acid, quinic acid, succinic acid, sucrose, turanose, Tween 80, a-D-glucose, a-ketoglutaric acid and b-hydroxybutyric acid; weakly positive for acetic acid, dextrin, glycerol, inosine, succinamic acid, thymidine, Tween 40, uridine, a-hydroxybutyric acid and a-ketobutyric acid; negative for all other substrates. Principal fatty acids (.10 %) are summed feature 8 (C 18 : 1 v7c/v6c) and C 19 : 0 v8c cyclo. The respiratory quinone is Q-10 (100 %). The major lipids are phosphatidylglycerol, one unknown aminolipid, one unknown phospholipid and one unknown lipid, with minor amounts of one unknown phospholipid and one unknown glycolipid. Can degrade biphenyl, naphthalene, 2-methylnaphthalene, 2,6-dimethylnaphthalene, acenaphthene, anthracene, phenanthrene, dibenzothiophene, dibenzofuran, fluorene, 4-methyldibenzothiophene and fluoranthene, but not pyrene or chrysene.
The type strain, P73
T (5MCCC 1A01112 T 5LMG 27600 T 5 DSM 27257 T ), was isolated from deep-sea sediment of the Indian Ocean. The G+C content of the chromosomal DNA of the type strain is 66.0 mol%.
